A simple, fast, and inexpensive anodic stripping voltammetric procedure for trace determination of cadmium in natural water samples containing high concentrations of surface-active substances was described. It was proved that interferences from the organic matrix such as surface-active substances could be removed by the addition of Amberlite XAD-7 resin to the analyzed sample prior to the voltammetric measurement. A renewable mercury film silver-based electrode (Hg(Ag)FE) was used as the working electrode. The following optimum conditions were found: 0. . The proposed procedure was successfully tested for the detection of cadmium in different non-pretreated and non-deaerated real water samples.
Introduction
Cadmium is a naturally occurring element which is not very abundant in Earth's crust (its average concentration in pure form is between 0.15-0.20 ppm), but it is widely dispersed in a variety of compounds. Most cadmium salts are easily soluble and therefore migration of this element in the natural environment can take place. Moreover, cadmium forms soluble complexes with organic compounds, which increases its mobility. When introduced into the soil, cadmium is generally easily soluble especially in acidic conditions and can be leached out of soils much faster than other heavy metals. Despite its easy solubility, cadmium is not present in solutions of unpolluted soils. Regardless of the soil reaction, cadmium is very easily absorbed by plants [1] .
Cadmium is regarded as an extremely toxic element and considered non-essential for living organisms. The high toxicity of this metal is the result of a long half-life and accumulation in soft tissues, mainly in the kidney and liver. Exposure to cadmium can cause severe damage to those organs. Cadmium has been proven to have a long resident time in the body making it a dangerous cumulative poison. An excess of this heavy metal causes many diseases such as anemia, osteoporosis, impaired odors, and proteinuria. Cadmium is also deposited in the placenta of mothers who smoke during pregnancy or are exposed to higher concentrations of this metal in other ways. It has the ability to change the function and structure of the bearing, disturbing fetal development. Furthermore, it was found out that permanent exposure to cadmium compounds of pregnant female rats caused severe defects in offspring, such as lack of eyes, hydrocephalus, cerebral hernia, or lack of metatarsal bones. Carcinogenic effects of cadmium were also found in rats [2] [3] [4] .
Toxic effects show free cadmium ions that are present in substantial amounts particularly in environmental waters. Most of them are continuously added to the environment as a consequence of human activities that cause water pollution. Therefore, it is necessary to perform the determination of trace amounts of cadmium in environmental water samples [4] .
To date, various methods for the determination of cadmium in environmental samples have been described. Among the a v a i l a b l e m e a s u r e m e n t t e c h n i q u e s a r e l o c a t e d chemiluminescence (CL) [5] , ion chromatography [6] , atomic absorption spectrometry [7] [8] [9] , spectrophotometry [10] , fluorescence [11] , resonance Rayleigh scattering method [12] , ultraviolet spectrometry [11] [12] [13] [14] , cold vapor atomic absorption spectrometry (CV-AAS) [15] , atomic fluorescence spectrometry (AFS) [16] , and inductively coupled plasma mass spectrometry (ICP-MS) [13] . The majority of those analytical methods are associated with expensive apparatus, pretreatment of real samples, and complicated procedures. That is why voltammetric methods have been proposed and are considered to be preferable for the analysis of trace or ultra-trace heavy metals [17, 18] , including cadmium [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . Among voltammetric techniques, the anodic stripping voltammetry (ASV) and adsorptive stripping voltammetry (AdSV) have commonly been used for cadmium determination. Recently, a few ASV procedures have been reported for the determination of cadmium at various chemically modified electrodes. In these procedures, different electrodes were used such as the edge plane pyrolytic graphite [20] , carbon nanotube nanoelectrode array [21] , Nafion-coated bismuth film electrode [22] , bismuth film zeolite doped carbon paste electrode [23] , bismuth nano-powder electrode [24] , carbon paste electrode modified with organofunctionalized mesoporous silica [25] , bismuth/poly (bromocresol purple) film modified glassy carbon electrode [26] , PAN-Nafion modified glassy carbon [27] , carbon paste electrode modified with zirconium phosphate amorphous silica [28] , and bismuth-antimony film electrode [29] .
In the above-mentioned cases, the modification of the working electrode using a strictly defined chemical compound as a modifier improves the mechanical stability of the film. Moreover, these solutions significantly reduce the interference from foreign ions contained in the sample solution and in some cases they also improve resistance to various surfactants that may adsorb on the electrode surface from the solution. However, to eliminate the effect of adsorption, removal or destruction of organic matter is desirable prior to the stripping analysis of organic-rich samples. This is usually accomplished using ultraviolet irradiation or ozone oxidation procedures [30, 31] . Both of which take a long time. Some analysts used silica for adsorptive stripping voltammetry in the presence of organic surfactants [32] and poly (ester-sulfonic acid)-coated mercury film electrodes for ASV [33] . Others used adsorption and chelate ion-exchange columns in a flow injection system to remove humic acid and surfactant interferences [34] . The use of potassium iodine to eliminate organic matrix in ASV is also known [35] . For samples low in dissolved organics, the standard additions method was used to correct the effect of organic interference [30] [31] [32] [33] [34] .
It is well known that voltammetric techniques are generally prone to interference by organic constituents in the aqueous sample. Thereof, its avoidance or minimization in the sample is critical for the reliable determination of various elements in the sample. That is why insensitivity to the organic matrix is such an important parameter of determination procedures in natural samples. Multiple papers were devoted to the determination of cadmium by the ASV method. However, only in a few of them (mentioned in the previous paragraph) the elimination of interferences caused by organic compounds was addressed. So to fill the gap related to this issue, in the proposed work, we focused on eliminating interference in the presence of surfactants by using the adsorption nature of Amberlite XAD-7 resin. In the present article, a simple procedure for the determination of trace Cd(II) in natural water by anodic stripping voltammetry at a renewable mercury film silver-based electrode (Hg(Ag)FE) was proposed. The procedure was applied to the determination of Cd(II) in natural water samples without any pretreatment with satisfactory results.
Experimental

Apparatus
The measurements were performed using a μAutolab analyzer (Utrecht, The Netherlands). A three electrode system consisting of an Hg(Ag) FE working electrode, a Pt auxiliary electrode, and an Ag/AgCl reference electrode (in saturated NaCl) were used in all experiments. Pt electrode and an Ag/AgCl electrode have been prepared in our laboratory. Hg(Ag) FE electrode was purchased from the MTM-ANKO Cracow, Poland.
The Hg(Ag) FE electrode is constructed in such a way that it is possible to refresh the mercury film before each measurement without the necessity of electrochemical purification. The refreshing of the mercury film occurs as a result of inserting a silver wire on which the mercury film is formed into the center of the electrode. During this stage, the silver wires crossed with especial O-rings and there was a precise wiping. Afterwards, the silver wire was ejected outside the electrode corpus through the mercury compartment and the mercury film was created [36, 37] . The Hg film area was 7 mm , 2 ms and 50 mV, respectively.
Procedure B (voltammetric procedure without elimination of organic interferents)
The analyzed real or synthetic sample (as described above) was transferred directly to the electrochemical cell and 1.5 mL of 1 mol L −1 acetic acid was added and finally water was added to 15 mL. Then a voltammetric measurement was performed as described above.
Results and discussion
Choice of supporting electrolyte
The measurements were performed using procedure B for solutions containing a constant concentration of Cd(II) equal to 1 × 10 
Effect of accumulation potential and time
The influence of the accumulation potential on the peak current was examined using procedure B in the potential range from − 1.2 to − 0.6 V, using a solution containing 1 × 10 −5 mol L −1 of Cd(II) and 0.1 mol L −1 of CH 3 COOH. The peak current increased with the changing potential from − 1.2 to − 0.8 V and then in the range from − 0.7 to − 0.6 V the peak current slightly decreased. On the basis of these results, the accumulation potential of − 0.8 V at which a maximum peak was obtained was selected for further research. The effect of preconcentration time on the voltammetric response of cadmium in the range from 10 to 60 s was also studied. The peak current increased upon increasing the accumulation time to 30 s and then it was constant. So the accumulation time equal to 30 s was chosen for further investigations.
Conditions of differential pulse voltammetry
For determination of Cd(II) ions using differential pulse voltammetry, optimization of the following instrumental parameters was performed: pulse time and pulse height. The influence of pulse time was examined in the range of 2 to 20 ms, and it occurred that with the increase of pulse time the peak of cadmium decreased, so the time equal to 2 ms was chosen. Variation of the pulse height between 20 and 100 mV showed that with the increase of pulse height, the peak current of cadmium increased too; however, at higher values, the shape of the peak became worse. As the compromise, the amplitude of 50 mV was practiced.
The calibration graph
The calibration graph for Cd(II) was linear in the range from 
Interference of organic compounds
In the proposed work, special attention was devoted to a precise study of the influence of surface-active substances on the c a d m i u m v o l t a m m e t r i c s i g n a l . Tr i t o n X -1 0 0 , cetyltrimethylammonium bromid e (CTAB), and Rhamnolipid, as the representative for non-ionic surfactant, cationic surfactants, and biosurfactant, respectively, were chosen to test. The measurements were performed using procedure A and procedure B for each surfactant separately. In procedure A, interferences connected with the presence of surface-active substances were reduced using Amberlite XAD-7 resin. Figures 1, 2 , and 3 present the influence of Triton X-100, CTAB, and Rhamnolipid, respectively, on the voltammetric signal of cadmium obtained using procedure A (with elimination of interferences)-curve b, and for comparison using procedure B (without elimination of interferences)-curve a. Based on literature data reporting that natural waters contain surfactants with the surface active effect similar to the effect induced by 0.2 to 2 ppm of Triton X-100 [38] , we conducted our research using such concentrations of the examined surfactants.
As can be seen in Fig. 1 (curve a) , Triton X-100 concentration of 2 mg L −1 decreases the Cd(II) signal by 80%.
However, in the presence of the Amberlite XAD-7 resin (curve b), no effect of Triton X-100 on the Cd(II) peak current is observed at the same concentration. In Fig. 2 , it can be observed that 0.5 mg L −1 of CTAB causes the reduction of the Cd(II) signal by 75% without using a resin (curve a), whereas in the presence of the resin, the same concentration of CTAB does not disturb the peak current of cadmium (curve b). In the case of Rhamnolipid (Fig. 3) , its concentration of 2 mg L −1 causes a decrease of the voltammetric signal of cadmium to 60% of its original value (curve a), while using the addition of a resin, the effect of the same concentration of this surfactant is insignificant.
Validation and analytical applications
The proposed method has been validated through Cd(II) determination in the certified reference material SPS-WW1 Waste Water (batch 111). This material contains besides cadmium other trace elements such as Al, As, Co, Cr, Cu, Fe, Mn, Ni, P, Pb, V, and Zn. Concentrations of all elements in the certified reference material SPS-WW1 Waste Water are presented in Table 1 .
The analyses were performed with the standard addition method. The waste water was added directly to the voltammetric cell without any pretreatment. In the first step of the standard addition method, the test solution was prepared by tenfold dilution of certified reference material in distilled water and next the voltammogram was recorded. Subsequently, further portions of the known amount of cadmium were added to the test solution. Voltammograms were recorded after each addition of cadmium. The results of Cd(II) determination in certified reference material are presented in Table 2 .
In order to demonstrate the applicability and reliability of the presented procedure, recovery tests were carried out by taking two different fresh natural water samples and by adding known quantities of Cd(II) standard to each sample. The analyzed samples were spiked with Cd(II) so that the cadmium content was below the detection limit of the proposed method. The analyzed samples were collected from eastern areas of Poland, river water (the Krezniczanka river), and stagnant water (Lake Zemborzyce) and were submitted to analysis without any pretreatment. Three replicate determinations using the standard addition method gave the average recovery values between 98.4 and 103.1% for Cd(II) in the Krezniczanka river sample with relative standard deviation between 3.3 and 3.7% and 97.4 and 99.8% for Cd(II) in the sample from Lake Zemborzyce with relative standard deviation between 3.5 and 4.2%. The typical voltammograms obtained in the course of the Krezniczanka river analysis are presented in Figs. 4 and 5.
Conclusions
The application of Amberlite XAD-7 resin made it possible to elaborate a simple and fast voltammetric procedure in which interferences from surface-active compounds were minimalized. Its main advantage is the possibility of cheap direct determination of Cd(II) in natural samples containing surfactants without the necessity of preliminary UVirradiation of the samples, which drastically reduces analysis time. To prove the practical applicability, the proposed procedure was successfully applied to the quantification of cadmium in environmental water samples. The abovedescribed procedure looks promising and can be recommended for monitoring the environment, which is necessary to evaluate the soil-plant system.
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